The incorporation of p-hydroxycinnamyl aldehydes 5-6 into the β-O-4 fraction of lignins was studied by thioacidolysis in twelve differentially evolved land plant species, including lycopods and ferns. The results showed that compounds 5-6 may be detected in all studied species, as could be predicted from the reversible nature of the p-hydroxycinnamyl alcohol dehydrogenase (CAD) catalyzed reaction. The results also showed that the p-hydroxycinnamyl alcohol/phydroxycinnamyl aldehyde ratio has been conserved during land plant evolution.
Introduction
Lignins are phenolic heteropolymers which mainly result from the oxidative coupling of the three p-hydroxycinnamyl alcohols (monolignols), p-coumaryl (1), coniferyl (2) and sinapyl (3) , in a reaction mediated by peroxidases. 1 The cross-coupling reaction produces an optically inactive hydrophobic heteropolymer composed of p-hydroxyphenyl (H), guaiacyl (G), and syringyl (S) units, respectively. 2 Both the G and S phenylpropanoid units in lignins are interconnected by means of a series of ether and carbon-carbon linkages, the most frequent being the β-O-4 bonds present in guaiacyl-glycerol-β-aryl ether substructures, 2 which are the targets of lignin depolymerization processes, such as thioacidolysis. Although most of the building blocks found in natural lignins are derived from the three phydroxycinnamyl alcohols (1) (2) (3) , recent evidence has suggested that at least two phydroxycinnamyl aldehydes (coniferyl 5 and sinapyl 6 aldehydes) are also incorporated in the growing lignin polymer, a situation which is especially evident in cinnamyl alcohol dehydrogenase (CAD) depleted mutant or transgenic plants. 4, 5 These phydroxycinnamylaldehydes 5-6 may then be deposited in the xylem cell walls, where they copolymerize with 2-3 to yield a highly heterogeneous alcohol/aldehyde lignin polymer, in which 6 β-O-4 cross-couples with both G and S units, whereas 5 cross-couples only with S units (Scheme
1)
4 . This escape of p-hydroxycinnamyl aldehydes from reduction to p-hydroxycinnamyl alcohols is co-substantial with the nature of the CAD catalyzed reaction. 
Results and Discussion
Thioacidolysis is a selective technique which breaks down the predominant inter-unit linkages in lignins from plant cell walls, specifically the aryl-glycerol-β-aryl ether (β-O-4) bonds, 3 the frequencies of which vary from 50% in gymnosperms to 80 % in angiosperms. 1 Analysis by thioacidolysis of cell wall lignins in differentially evolved plant species reveals ( Table 1) . Nd, not detected. Nc, not calculated.
A detailed fingerprint of the thioethylated monomers arising from thioacidolysis analysis revealed the almost universal presence of aryl-glycerol-β-aryl ether structures derived from coniferyl alcohol 7 (Scheme 2), a compound which was found in all the angiosperms (samples 1- 
Scheme 2
From these results, it may be concluded that the p-hydroxycinnamyl alcohol/phydroxycinnamyl aldehyde ratios of the β-O-4 lignin fraction are independent of the lignin monomer composition, and that these ratios have been largely conserved during land plant evolution.
